From the methanolic extract of the underground parts of Globularia cordifolia, a new iridoid glycoside, 5-hydroxydavisioside (1) and a new bisiridoid glycoside, globuloside C (2) were isolated along with six known iridoid glycosides, aucubin, melampyroside, monomelittoside, globularifolin, alpinoside and asperuloside. The structures of the isolates were established by 1D and 2D NMR spectroscopy in combination with IR, UV and MS analyses.
Introduction
Globularia cordifolia L. (Globulariaceae) is a mat-forming shrublet growing in limestone cliffs in Central and South Europe (Edmondson, 1982) . Several phytochemical studies exhibited that the main constituents of G. cordifolia were iridoid glycosides and flavonoids (Harborne and Williams, 1971) . As a part of our work on the isolation and identification of secondary metabolites from Turkish Globularia species, we herein present the isolation and the structure elucidation of a new iridoid glycoside, 5-hydroxydavisioside (1) and a new bisiridoid glycoside, globuloside C (2) obtained from the underground parts of G. cordifolia.
Material and Methods

General experimental procedures
Optical rotations were measured on a Rudolph autopol IV Polarimeter using a sodium lamp operating at 589 nm. UV spectra were recorded on a Shimadzu UV-160A spectrophotometer. IR spectra (KBr) were measured on a Perkin Elmer 2000 FT-IR spectrometer. Bruker AMX 300 and DRX 500 instruments (300 and 500 
Extraction and isolation
The air-dried and powdered roots and rhizomes of G. cordifolia (220 g) were extracted twice with MeOH (2 ¥ 1.5 l) at 45∞ C. The combined methanolic extracts were evaporated to dryness in vacuo (22 g, yield 10%). The crude extract was dissolved in H 2 O and partitioned against CHCl 3 . The lyophilized H 2 O phase (18.75 g) was fractionated over (500 MHz, CD 3 OD): ) and 13 C NMR data (see Table I ). The UV spectrum exhibited maxima at 231 and 275 nm. The IR spectrum showed absorption bands for hydroxyl (3415 cm Ð1 ), ester carbonyl (1739 cm Ð1 ) and aromatic (1475 and 1438 cm Ð1 ) functionalities. The 1 H NMR spectrum (see Table I ) of 1 displayed signals due to an acylated iridoid glycoside. The anomeric proton resonance at δ H 4.57 (d, J = 7.9 Hz) and the signals in the region 3.25Ð3.80 indicated the presence of a -glucopyranosyl unit. Additional aromatic proton signals at δ H 8.07 (2H), 7.62 (1H) and 7.50 (2H) were typical for a benzoyl moiety. The 13 C NMR spectrum of 1 exhibited 22 signals, six of which were attributed to a -glucopyranosyl unit, while seven of which were ascribed to a benzoic acid. All the remaining resonances arising from the aglycone were shown by the DEPT-135 spectrum to consist of two quaternary (2C), four methine (4CH) and three methylene (3CH 2 ) carbons. All of the 1 H and 13 C chemical shifts of 1 were determined by the assistance of 2D NMR (DQF-COSY, HSQC and HMBC). Thus, the oxymethylene (δ H 4.15 and 3.50) and the methylene (δ H 1.88 and 1.62) proton signals were ascribed to H 2 -3 and H 2 -4 respectively, indicating the lacking of the double bond between C-3 and C-4 in the cyclopentane ring. The DQF-COSY spectrum of 1 suggested that H 2 -3 and H 2 -4 existed as one spin system. The absence of any other homonuclear coupling observed for H 2 -4 was indicative of C-5 being fully substituted. On the other hand, the acetal proton (δ H 5.26) of the iridoid skeleton was coupled with a methine proton at δ H 2.81 (H-9). No other coupling was observed for H-9 suggested that both C-5 and C-8 were totally substituted. In the HMBC spectrum (see Table I , Fig. 2 ), a pair of H 2 -10 AB doublets at δ H 5.00 (1H, J = 12.5 Hz) and 4.96 (1H, J = 12.5 Hz) showed 1 H-13 C long-range correlations with the carbonyl carbon signal of the benzoyl moiety at δ C 167.6 suggested C-10(OH) to be site of benzoylation. The crosspeaks between H-1 and C-1Ј and vice versa, indicated that the -glucopyranosyl unit was linked to the C-1(OH). The complete NMR data of 1 based on the 2D NMR were closely related to that of davisioside (Calis et al., 2002) , except for downfield shift of C-5 (δ C 77.4) and the absence of H-5 resonances in the NMR spectra of 1. These data revealed that C-5 position of compound 1 was oxygenated. By the above observations, compound 1 was found to be a hydroxylated analogue of davisioside and named as 5-hydroxydavisioside.
Compound 2 was obtained as an amorphous powder, [α] + ) and 13 C NMR data (see Table  II ). The IR spectrum showed absorption bands at 3397, 1737 and 1625 cm Ð1 , indicating the presence of OH, ester C=O and C=C-O groups respectively. The UV spectrum exhibited a maximum at 224 nm. The 1 H and 13 C NMR spectra of 2 clearly indicated its dimeric nature by the duplication of the signals typical of an iridoid glycoside. The signals in the region of δ H 3.15Ð4.70 including two anomeric proton resonances at δ H 4.66 and 4.68 (both d, J = 7.8 Hz) supported the presence of two -glucopyranosyl units in 2. One-half of the molecule, part "a" was easily assigned to an aucubin-type iridoid due to the olefinic signals at δ H 6.29 (dd, J = 6.2, 1.9 Hz, H-3), 5.03 (dd, J = 6.2, 3.6 Hz, H-4) and 5.81 (d, J = 1.8 Hz, H-7). The second half, part "b" was indicated to be a C-4 substituted iridoid structure on the basis of the signals at δ H 7.38 (d, J = 1.8 Hz) assigned to H-3 and δ C 152.3, 114.4 and 168.5, which were ascribed to C-3, C-4 and C-11 respectively. Assignment of all the proton and carbon signals was achieved through a combination of DQF-COSY, HSQC and HMBC (see Table II , Fig. 2 ) 2D NMR experiments. Thus, it was deduced that part "a" is aucubin while part "b" is deacetylalpinoside (see Table II ). The connectivity between parts "a" and "b" was found to be an ester linkage between the C-6(OH) of part "a" (aucubin moiety) and the carboxyl group (C-11) of part "b" (deacetylalpinoside moiety) due to the downfield shift for H-6 (δ H 5.38) of the part "a". The complete 1 H and 13 C NMR data of 2 secured by 2D NMR experiments were almost identical to that of globuloside B , except for the absence of benzoyl resonances in the spectra of 2. Additionally, the resonances of 10-oxymethylene (δ H 4.37 and 4.20; δ C 61.1) of aucubin part were at higher field than the corresponding resonances of globuloside B, supporting the disappearance of acylation at C-10(OH). Consequently, compound 2 was established as debenzoylglobuloside B and we propose the trivial name globuloside C.
Besides these new compounds, six known iridoid glycosides, aucubin (Bianco et al., 1983) , melampy-doids like monomelittoside, globularifolin and 5-hydroxydavisioside (1) have only been encountered in G. cordifolia among the Globularia species up to now. So such compounds might have some taxonomic potential for the title species.
